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(57) ABSTRACT

A powershift transmission with a dual-clutch main transmis-
sion and a downstream planetary gearset. The main transmis-
sion includes two partial transmissions and corresponding
input shafts and clutches and a common output shaft. The
downstream transmission has an input shaft which couples,
via a third shifting element, the common output shaft and is
fixed to a first planetary gearset element. The downstream
transmission has an output shaft that is fixed to a second
planetary gearset element. A third planetary gearset element
couples a housing by way of a fourth shifting element, to
obtain a low driving range of the downstream transmission,
or, the downstream transmission output shaft by way of a fifth
shifting element to obtain a high driving range of the down-
stream transmission. The common output shaft can couple,
via a sixth shifting element, the third planetary gearset ele-
ment, which can couple, via the fourth shifting element, the
transmission housing.

14 Claims, 7 Drawing Sheets
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1
POWERSHIFT TRANSMISSION AND
METHOD FOR OPERATION THEREOF

This application claims priority from German patent appli-
cation serial no. 10 2014 205 276.9 filed Mar. 21, 2014.

FIELD OF THE INVENTION

The invention concerns a powershift transmission and
methods for its operation.

BACKGROUND OF THE INVENTION

DE 102007 047 671 Al describes a powershift transmis-
sion for a motor vehicle, having a main transmission in the
form of a dual-clutch transmission and a downstream trans-
mission in the form of a planetary gearset that is connected
downstream from the main transmission. The main transmis-
sion comprises a first partial transmission and a second partial
transmission, wherein a first main transmission input shaft of
the first partial transmission is associated with a first frictional
powershift clutch and a separate, second main transmission
input shaft of the second partial transmission is associated
with a second frictional powershift clutch. Each of the two
partial transmissions of the main transmission in the form of
a dual-clutch transmission comprises, respectively, at least
one interlocking shifting element. For the two partial trans-
missions a common main transmission output shaft is pro-
vided. The downstream transmission in the form of a plan-
etary gearset comprises a downstream transmission input
shaft and a downstream transmission output shaft. The output
shaft of the main transmission can be coupled by means of an
interlocking shifting element to a first planetary gearset ele-
ment of the downstream transmission. A second planetary
gearset element of the downstream transmission is connected
fixed to the output shaft of the downstream transmission. A
third planetary gearset element of the downstream transmis-
sion can be coupled by means of further interlocking shifting
elements either to the transmission housing or to one of the
other two planetary gearset elements.

SUMMARY OF THE INVENTION

Starting from there the purpose of the present invention is
to provide a new type of powershift transmission, in which
shifts in the downstream transmission can be carried out as
powershifts, and methods for its operation.

This objective is achieved by a powershift transmission as
described below. According to the invention the, or each
common main transmission output shaft for the two partial
transmissions of the main transmission can be coupled by
means of a sixth interlocking shifting element to the third
planetary gearset element of the downstream transmission,
which can be coupled to the transmission housing by means
of the fourth, interlocking shifting element.

In the powershift transmission according to the invention,
shifts in the downstream transmission, i.e. changes from the
Low driving range to the High driving range or conversely,
from the High range to the Low range, can be carried out as
powershifts. The interlocking shifting elements present in the
downstream transmission in order to obtain the Low and High
ranges can be engaged and disengaged while they are free
from load.

Preferably, the first planetary gearset element is a sun gear,
the second planetary gearset element is a carrier and the third
planetary gearset element is a ring gear. This design of the
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powershift transmission according to the invention is particu-
larly preferred for ensuring powershifts in the downstream
transmission.

Methods for operating the powershift transmission accord-
ing to the invention are discussed below. These methods come
to be used depending on how the highest gear in the Low
driving range and the lowest gear in the High driving range
are positioned in the partial transmissions of the main trans-
mission, preferably in combination with one another, in a
powershift transmission according to the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred further developments emerge from the descrip-
tion given below. Example embodiments of the invention, to
which it is not limited, are explained in more detail with
reference to the drawings, which show:

FIG. 1: A layout of a powershift transmission according to
the invention;

FIG. 2: A first shifting matrix for the powershift transmis-
sion of FIG. 1;

FIG. 3: A time diagram to make clear how a traction upshift
is carried out in the powershift transmission of FIGS. 1 and 2;

FIG. 4: A time diagram to make clear how a traction down-
shift is carried out in the powershift transmission of FIGS. 1
and 2;

FIG. 5: A second shifting matrix for the powershift trans-
mission of FIG. 1;

FIG. 6: A time diagram to make clear how a traction upshift
is carried out in the powershift transmission of FIGS. 1 and 4;

FIG. 7: A time diagram to make clear how a traction down-
shift is carried out in the powershift transmission of FIGS. 1
and 4.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention concerns a powershift transmission
for a motor vehicle, as well as methods for its operation.

FIG. 1 shows a schematic representation of a powershift
transmission 1 which comprises a main transmission 2 in the
form of a dual-clutch transmission and a downstream trans-
mission 3 in the form of a planetary gearset connected down-
stream from the main transmission 2.

The powershift transmission 1 has a drive input shaft 4 and
a drive output shaft 5. A drive aggregate of the motor vehicle
can be coupled to the drive input shaft 4. A drive output of the
motor vehicle can be coupled to the drive output shaft 5.

The main transmission 2 designed as a dual-clutch trans-
mission comprises two partial transmissions, namely a first
partial transmission 6 and a second partial transmission 7.

The first partial transmission 6 of the main transmission 2
formed as a dual-clutch transmission has a first main trans-
mission input shaft 8, which is associated with a first fric-
tional powershift clutch K1. When this first frictional power-
shift clutch K1 is closed, the drive input shaft 4 is coupled to
the first main transmission input shaft 8 of the first partial
transmission 6. Furthermore, the first partial transmission 6
has a plurality of first, interlocking shifting elements C, E, D.

The second partial transmission 7 of the main transmission
2 formed as a dual-clutch transmission, which comprises
second, interlocking shifting elements A and B, has a second
main transmission input shaft 9 which is associated with a
second frictional powershift clutch K2. When the second
frictional powershift clutch K2 is closed, the drive input shaft
4 is coupled to the second main transmission input shaft 9.
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In the example embodiment shown, the two main transmis-
sion input shafts 8 and 9 of the two partial transmissions 6 and
7 of the main transmission 2 extend coaxially with one
another, with the second main transmission input shaft 9
surrounding part of the first main transmission input shaft 8
concentrically on the outside.

At least one main transmission output shaft 10 common to
both of the partial transmissions 6 and 7 of the main trans-
mission 2 co-operates with the two partial transmissions 6, 7,
and in the example embodiment shown there are two coun-
tershafts which form such main transmission output shatts 10.

The downstream transmission 3, in the form of a planetary
gearset, comprises a downstream transmission input shaft 15
which can couple with the, or each main transmission output
shaft 10 by means of a third interlocking shifting element F.
When the third interlocking shifting element F is closed, the
main transmission output shafts 10 are coupled to the down-
stream transmission input shaft 15.

The input shaft 15 of the downstream transmission is con-
nected in a fixed manner to a first planetary gearset element 11
of the downstream transmission 3, namely to a sun gear
thereof in the example embodiment shown.

In addition the downstream transmission 3 has a down-
stream transmission output shaft 5, which constitutes the
drive output shaft 5 of the powershift transmission 1, this
drive output shaft or downstream transmission output shaft 5
being connected fixed to a second planetary gearset element
12 of the downstream transmission 3, namely to a carrier of
the downstream transmission 3 in FIG. 1.

The downstream transmission 3 also has a third planetary
gearset element 13, this being a ring gear in the example
embodiment of FIG. 1. Depending on the shift position of two
further interlocking shifting elements [ and H, the planetary
gearset element 13 is coupled either to a transmission housing
14 or to the output shaft of the downstream transmission, or
drive output shaft 5.

When a fourth interlocking shifting element I is closed, the
third planetary gearset element 13 is coupled to the transmis-
sion housing 14 so that a so-termed Low driving range is
engaged in the downstream transmission 3.

In contrast, when a fifth interlocking shifting element H is
closed, the third planetary gearset element 13 of the down-
stream transmission 3 is coupled to the drive output shaft 5 so
as to engage a so-termed High driving range in the down-
stream transmission 3. The blocking of the downstream trans-
mission 3 achieved in this way can, in principle, be achieved
by connecting any two elements of the planetary gearset.

The last two gearwheel planes of the main transmission 2
formed as a dual-clutch transmission, which contain the inter-
locking shifting element R, serve as drive input constants
such that to obtain reversing gears the shifting element R is
closed and to obtain forward gears the interlocking shifting
element R is open.

In the multi-speed transmission 1 according to the inven-
tion the, or each main transmission output shaft 10 common
to the two partial transmissions 6, 7 of the main transmission
2 can be coupled by means of a sixth, interlocking shifting
element G to the third planetary gearset element 13 of the
downstream transmission 3, in FIG. 1 therefore to the ring
gear thereof, whereas this third planetary gearset element 13
can be coupled by means of the fourth, interlocking shifting
element I, to the transmission housing 14. As already
explained above, the or each main transmission output shaft
10 of the two partial transmissions 6, 7 of the main transmis-
sion 2 can be coupled by means of the interlocking shifting
element G to that planetary gearset element of the down-
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4

stream transmission 3 which is connected to the transmission
housing 14 when the Low driving range of the range group 3
is active.

The powershift transmission 1 according to the invention is
independent of the specific design of the main transmission 2
made as a dual-clutch transmission, namely independent of
the gearsets of the main transmission 2. Otherwise than in the
dual-clutch transmission 2 shown in FIG. 1, a main transmis-
sion 2 can be used which is exclusively of planetary design or
which is a mixed design combining a planetary design with
countershafts. Otherwise than in the example embodiment of
FIG. 1, there may be only one countershaft.

However, for the invention it is necessary that the two
frictional powershift clutches K1 and K2 which co-operate
with the two partial transmissions 6 and 7 of the main trans-
mission 2, are present and that a planetary gearset is used as
the downstream transmission 3, with which the interlocking
shifting element G is associated in such manner that when the
shifting element G is closed, the or each main transmission
output shaft 10 can be coupled to the third planetary gearset
element 13, which is coupled to the transmission housing 14
when the Low driving range is engaged in the downstream
transmission 3.

With the powershift transmission shown in FIG. 1, for
example the shifting matrix of FIG. 2 with ten forward gears
1 to 10 and four reverse gears R1 to R4 can be obtained, in
which matrix an X in the columns K1, K2, A, B,C, D, E, F, G,
R, L, H indicates that the shifting element concerned is
closed. The column i shows the transmission ratio of the gear
concerned and the column phi shows the gradation. The
numerical examples given in the columns i and phi are purely
example values.

In the powershift transmission of FIG. 1, which corre-
sponds to the shifting matrix of FIG. 2, as described in detail
below shifts in the downstream transmission 3, i.e. a change
between the Low driving range and the High driving range,
can be carried out as powershifts by opening and closing the
interlocking shifting elements L and H.

To carry out a change of the driving range in the down-
stream transmission 3, i.e. to change between the Low driving
range and the High driving range, a torque distribution at the
powershift clutches K1 and K2 is adapted or matched to the
fixed gear ratio of the downstream transmission 3 in such
manner that the interlocking shifting elements [. and H can be
engaged and disengaged while free from load. During this the
powershift clutches K1 and K2 may be operating in slip.

When a change of the driving range is carried out in the
downstream transmission 3, one of the partial transmissions
6, 7 of the main transmission 2 is or remains coupled to the
input shaft 15 of the downstream transmission, whereas in
contrast the other partial transmission 7, 6 of the main trans-
mission 2 is or remains coupled to the third planetary gearset
element 13 of the downstream transmission 3, which in the
Low driving range of the downstream transmission 3 is
coupled to the transmission housing 14.

Thus, in the example embodiment of FIGS. 1 and 2, to shift
or change the driving range in the downstream transmission 3
the first partial transmission 6 is coupled to the sun gear 11 of
the downstream transmission 3, the second partial transmis-
sion 7 is coupled to the ring gear 13 of the downstream
transmission 3, and the torque distribution at the powershift
clutches K1 and K2 is chosen such that the shifting elements
L and H can be engaged and disengaged while free from load.
During this the powershift clutches K1 and K2 may be oper-
ating in slip.
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During such a shift, i.e. during the change of driving range
in the downstream transmission, the traction force on the
drive output shaft 5 is maintained.

A further advantage is that the interlocking shifting ele-
ments [, and H of the downstream transmission 3 are synchro-
nized by means of the powershift clutches K1 and K2, so that
no claims are made in respect of synchronization devices that
might otherwise have to be associated with the interlocking
shifting elements L. and H.

Referring to FIGS. 3 and 4, it will now be described for the
powershift transmission of FIGS. 1 and 2 how a traction
upshift of the downstream transmission 3 from the highest
gear of the Low driving range to the lowest gear of the High
driving range (see FIG. 3) is carried out, and also how a
traction downshift from the lowest gear of the High driving
range to the highest gear of the Low driving range is carried
out, bearing in mind that in the example embodiment of FIGS.
1 and 2 the highest gear of the Low range is gear 5 and the
lowest gear of the High range is gear 6.

In this case it can be seen from the shifting matrix of FIG.
2 that the highest gear of the Low range is gear 5 and the
lowest gear of the High range is gear 6, but that according to
the shifting matrix of FIG. 2 these gears belong to different
partial transmissions 6, 7.

Thus, according to the shifting matrix of FIG. 2, gear 5, i.e.
the highest gear of the Low driving range, belongs to the first
partial transmission 6.

According to the shifting matrix of FIG. 2, gear 6, i.e. the
lowest gear of the High driving range, belongs to the second
partial transmission 7.

As already stated earlier, below and with reference to the
diagrams of FIGS. 3 and 4 that relate to the powershift trans-
mission 1 according to FIG. 1 to which the shifting matrix of
FIG. 2 applies, detailed descriptions of a traction upshift and
a traction downshift in the downstream transmission 3 will be
given. FIGS. 3 and 4 show plots against time t of a number of
time variations of torques M and rotational speeds N, namely
atorque variation M4 for a torque applied to the input shaft 4
by a drive aggregate, a torque variation M5 for the torque
applied to the drive output shaft 5, and torque variations MK1
and MK2 for the torques transmitted by the powershift
clutches K1 and K2.

In addition, time variations are shown for the rotational
speed n4 of the drive input shaft 4 or the drive aggregate
coupled thereto, a rotational speed n5 of the drive output shaft
5, arotational speed n11 of the first planetary gearset element
11 of the downstream transmission 3, a rotational speed n13
of the third planetary gearset element 13 of the downstream
transmission 3, and a rotational speed n9 of the second main
transmission input shaft 9 of the second partial transmission 7
of the main transmission 2.

From FIGS. 3 and 4 it can be seen that in the figures it is
assumed that the torque M applied by the drive aggregate to
the drive input shaft 4 is constant, and further, that the rota-
tional speed n5 of the drive output shaft 5 is constant, so that
accordingly the vehicle is driving at a constant speed when
the shift in the downstream transmission 3 is carried out.

When the traction upshift is carried out in accordance with
FIG. 3, from the highest gear of the Low driving range (gear
5) to the lowest gear of the High driving range (gear 6), first of
all, between time points t1 and t2 in FIG. 3 the fourth inter-
locking shifting element L is relieved from load. For this, at
the second frictional powershift clutch K2 the transmission
capacity is increased, namely in FIG. 3 for example along a
ramp or linearly, the result of which is that part of the torque
M4 delivered by the drive aggregate is transmitted, by way of
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the slipping powershift clutch K2 and by way of the second
partial transmission 7, to the ring gear 13 of the downstream
transmission 3.

The interlocking shifting element L. becomes free from
load when the torque on the ring gear 13 of the downstream
transmission 3 amounts to i0 times the torque on the sun gear
11 of the downstream transmission 3, where 10 is the value of
the fixed transmission ratio of the downstream transmission 3
in the form of a planetary gearset.

The sum of the torques transmitted by the powershift
clutches K1 and K2 corresponds to the torque M4 delivered
by the drive aggregate.

At the same time, to increase the transmission capacity of
the second powershift clutch K2, the transmission capacity of
the first powershift clutch K1 can be reduced, since thereafter
the powershift clutch K1 will be brought to a slipping condi-
tion.

At time 12 in FIG. 3 the fourth, interlocking shifting ele-
ment [, can be disengaged while free from load.

Following the load-free disengagement of the shifting ele-
ment L, between times t2 and t3 in FIG. 3 the fifth, interlock-
ing shifting element H is synchronized. This is preferably
done by changing the transmission capacity of the powershift
clutch K1 and/or the transmission capacity of the powershift
clutch K2 and/or the torque delivered by the drive aggregate
to the drive input shaft 4, in order to increase the rotational
speed of the ring gear 13 of the downstream transmission 3
and at the same time reduce the rotational speed nd of the
drive aggregate and the drive input shaft 4. Rotational speed
changes are not shown in FIG. 3. At the end of the rotational
speed adaptation, at time t3, the second frictional powershift
clutch K2 can be brought to its gripping point, namely when
the drive aggregate has been brought to its target rotational
speed. When the powershift clutch K2 is gripping, its trans-
mission capacity can be increased to the maximum transmis-
sion capacity. An actuator of the powershift clutch K2 then no
longer needs to be operated in the control range.

At time t3 in FIG. 3 the fifth, interlocking shifting element
H can be engaged while free from load. This shifting element
H is engaged while free from load near or at the synchronous
point, after which the downstream transmission 3 is in shift-
ing position H, or block-rotating in the High driving range.

Between times t3 and t4 in FIG. 3, the shifting element H is
loaded. By reducing the transmission capacity of the power-
shift clutch K1, the force flow in the gear 6 engaged passes by
way of the ring gear 13 and the shifting element H. The
powershift clutch K1 is now opened fully. The traction upshitt
has then been completed.

The process for carrying out a traction downshift from the
lowest gear of the High driving range, i.e. from gear 6, to the
highest gear of the Low driving range, i.e. to gear 5, in the
powershift transmission of FIG. 1 which uses the shifting
matrix of FIG. 2, is described below with reference to the time
diagram shown in FIG. 4.

To carry out this traction downshift in the powershift trans-
mission of FIG. 1 with the shifting matrix of FIG. 2 from the
lowest gear of the High driving range to the highest gear of the
Low driving range, first of all, between times t1 and t2 in FIG.
4 the fifth, interlocking shifting element H is freed from load.
For this, in FIG. 4 the transmission capacity of the interlock-
ing clutch K1 is increased, preferably along a ramp or in a
linear manner, with the result that part of the torque M4
applied at the drive input shaft 4 is passed by way of the
slipping powershift clutch K1 and the first partial transmis-
sion 6 to the sun gear 11 of the downstream transmission 3 in
the form of the planetary gearset.
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The interlocking shifting element H to be disengaged is
free from load when the torque at the ring gear 13 of the
downstream transmission 3 amounts to 10 times the torque on
the sun gear 11, where 10 is the value of the fixed gear ratio of
the planetary transmission 3.

The sum of the torques MK1 and MK2 transmitted by the
powershift clutches K1 and K2 corresponds to the torque M4
applied to the drive input shaft 4.

At the same time, to increase the transmission capacity of
the powershift clutch K1 the transmission capacity of the
powershift clutch K2 can be reduced.

Attimet2 in FIG. 4, the fifth, interlocking shifting element
H is disengaged while free from load.

Following the load-free disengagement of the shifting ele-
ment H, between times t2 and t3 in FIG. 4 the interlocking
shifting element L. is synchronized. This is done in particular
by changing the transmission capacity of the powershift
clutch K1 and/or by changing the transmission capacity of the
powershift clutch K2 and/or by changing the torque from the
drive aggregate which is applied as the torque M4 to the drive
input shaft 4. This increases the rotational speed n11 of the
sun gear. In order to be able, with the powershift clutch K1, to
transmit a positive torque by way of the powershift clutch K1,
the rotational speed n4 at the drive input shaft 4 and hence the
rotational speed of the drive aggregate must be higher than the
rotational speed n11 of the sun gear, which corresponds to the
rotational speed of the first main transmission input shaft 8 of
the first partial transmission 6. Accordingly, the rotational
speed nd is increased at the same time. However, increasing
the rotational speed nd, i.e. the rotational speed of the trans-
mission input shaft 4, does not have to begin exactly at time t2
as shown in FIG. 4; rather, the rotational speed nd can be
increased with some time delay.

At the end of the rotational speed adaptation or synchroni-
zation of the shifting element L at time t3 in FIG. 4, the first
powershift clutch K1 can be brought to its gripping point,
namely when the rotational speed n4 has been brought to the
target rotational speed. When the powershift clutch K1 is
gripping, its transmission capacity can be increased to the
maximum transmission capacity and in such a case the actua-
tor of the powershift clutch K1 no longer has to be operated in
the control range. When the shifting element L. has been
synchronized, at time t3 in FIG. 4 the shifting element L. can
be engaged without load, this taking place at or near the
synchronization point of the shifting element L. In the down-
stream transmission 3 the Low driving range is then engaged.

Thereafter, between times t3 and t4 in FIG. 4 the load at the
shifting element L is built up, in particular by reducing the
transmission capacity of the frictional powershift clutch K2
whereby, since the fifth gear is now engaged, the force flow is
transmitted by way of'the sun gear 11 and the shifting element
L. The second powershift clutch K2 is then fully opened,
thereby completing the traction downshift of FIG. 4.

The traction upshift and traction downshift described
above can be carried out as powershifts. Group shifts in
overdrive, i.e. changes of the driving range in the downstream
transmission 3 during overdrive operation, cannot be carried
out as powershifts as a matter of course since the rotational
speed at the drive input shaft 4 would have to be reduced to
zero. Thus, the powershift clutches K1 and K2 can only
transmit thrust when the rotational speed of the drive input
shaft 4 is lower than the clutch rotational speed on the sec-
ondary side, i.e. the rotational speed of the main transmission
input shafts 8 and 9.

In order nevertheless to enable advantageous overdrive
upshifts and overdrive downshifts in the powershift transmis-
sion of FIG. 1 with the shifting matrix of FIG. 2, to carry out
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an overdrive upshift from the highest gear of the Low driving
range to the lowest gear of the High driving range or, con-
versely, to carry out an overdrive downshift from the lowest
gear of the High driving range to the highest gear of the Low
driving range, to synchronize the respective shifting element
L or H that has to be synchronized, preferably with the drive
aggregate disconnected, the drive input shaft 4 is blocked or
braked to a standstill, in particular by a holding device. As
regards other details, reference can be made to the explana-
tions concerning FIGS. 3 and 4.

FIG. 5 shows an alternative shifting matrix for the power-
shift transmission of FIG. 1, such that in the shifting matrix in
FIG. 5, the highest gear of the Low driving range, namely gear
5, and the lowest gear of the High driving range, namely gear
6, are in the same partial transmission, namely the first partial
transmission 6. Thus, according to the shifting matrix of FIG.
5, in these two gears the powershift clutch K1 is in each case
closed.

Nevertheless range changes in the downstream transmis-
sion 3 can be carried out as powershifts, namely if in FIG. 1
the ring gear 13 of the downstream transmission 3 is coupled
by way of the second-lowest gear of the High driving range,
i.e. the seventh forward gear, to the other, second partial
transmission 7, and during the entire powershifting process
the powershift clutch K2 that co-operates with this second
partial transmission 7 is operated with slip.

Further details for carrying out a traction upshift and a
traction downshift in the powershift transmission of FIG. 1
using the shifting matrix shown in FIG. 5 are described below
with reference to FIGS. 6 and 7; in FIGS. 6 and 7, again a
number of torque variations M and rotational speed variations
n are plotted as a function of time t, namely a torque variation
MS for the torque applied to the drive output shaft 5, a torque
M4 for the torque applied to the drive input shaft 4 and
delivered by the drive aggregate, torque variations MK1 and
MK2 for the torques transmitted by the powershift clutches
K1 and K2, a rotational speed variation n4 for the rotational
speed ofthe drive input shaft and hence of the drive aggregate,
a rotational speed variation n5 for the rotational speed of the
output shaft 5, rotational speed variations n8 and n9 for the
rotational speeds of the two main transmission input shafts 8
and 9 of the main transmission 2, and a rotational speed
variation n13 for the rotational speed of the ring gear of the
downstream transmission 3 made as a planetary gearset.

InFIGS. 6 and 7 it is assumed that the torque M4 applied at
the drive input shaft 4 is constant, and furthermore that the
rotational speed n5 of the drive output shaft 5 is constant, so
that the vehicle is driving at a constant speed.

To carry out a traction upshift from the highest gear of the
Low driving range to the lowest gear of the High driving range
in the powershift transmission of FIG. 1 in accordance with
the shifting matrix of FIG. 5, in which these two gears both
belong to the partial transmission 6 of the main transmission
2, the shifting element L is first relieved from load, namely
between times t1 and t2 in FIG. 6. For this the transmission
capacity of the powershift clutch K2 is increased, preferably
along a ramp or linearly, the result of which is that part of the
torque M4 delivered by the drive aggregate and applied to the
drive input shaft 4 flows by way of the slipping powershift
clutch K2 and the second partial transmission 7.

The shifting element L is free from load when the torque on
the ring gear 13 of the downstream transmission 3 made as a
planetary gearset corresponds to 10 times the torque on the sun
gear 11 of the planetary gearset, where 10 is the value of the
fixed gear ratio of the planetary gearset.
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The sum of the torques MK1 and MK2 transmitted by the
two powershift clutches K1 and K2 corresponds to the torque
M4 at the drive input shaft 4.

At the same time as the transmission capacity of the pow-
ershift clutch K2 is increased, the transmission capacity of the
powershift clutch K1 can be reduced. At time 12 in FIG. 6 the
shifting element L is free from load and can be disengaged in
the load-free condition.

Thereafter, between times t1 and t2 in FIG. 6 the shifting
element H is synchronized. This is preferably done by adapt-
ing the transmission capacity of the powershift clutch K1
and/or by adapting the transmission capacity of the power-
shift clutch K2 and/or by adapting the torque of the drive
aggregate or the torque M4 at the drive input shaft 4. This
increases the rotational speed n13 of the ring gear while at the
same time the rotational speed nd4 is reduced. The torque
changes are not shown in the diagram shown in FIG. 6. The
rotational speed adaptation for the rotational speed nd of the
drive input shaft 4 or of the drive aggregate is carried out until
it has been brought to the target rotational speed for the sixth
gear. The powershift clutch K2 is operating permanently with
slip, since the second partial transmission 7 has the gear ratio
of the next-higher gear, i.e. the seventh gear. At time t3 the
shifting element H can be engaged while free from load, this
being done at or near the synchronous point of the shifting
element H. At that time the downstream transmission 3 is in
the so-termed High driving range.

Thereafter, between times t3 and t4 in FIG. 6 the shifting
element H is freed from load, namely by reducing the trans-
mission capacity of the powershift clutch K1, whereby the
force flow passes by way of the ring gear 13 and the shifting
element H.

After that, between times t4 and t5 in FIG. 6 a load-free
shift of the first partial transmission 6 from the fitth gear to the
sixth gear takes place, and during this shift the force flow is
again transmitted by way of the seventh gear as a supporting
gear while the second powershift clutch K2 is slipping. Then,
between times t6 and t7 the powershift clutch K1 takes up the
load while the load on the second powershift clutch K2 is
reduced, so that the gear ratio of the sixth gear is now effec-
tive.

Attime t6 in FIG. 6 the powershift from the fifth gear to the
sixth gear, i.e. the traction upshift in the downstream trans-
mission 3 from the Low driving range to the High driving
range, is complete.

FIG. 7 shows details for carrying out a traction downshift in
the powershift transmission of FIG. 1 using the shifting
matrix of FIG. 5. FIG. 7 concerns a powershift in the down-
stream transmission 3, namely a downshift from the lowest
gear of the High driving range, i.e. gear 6, to the highest gear
of'the Low driving range, i.e. gear 5. During this process, as in
the traction upshift described with reference to FIG. 6, the
second-lowest gear of the High driving range serves as a
supporting gear. In the second partial transmission 7 of the
main transmission 2, by means of the shifting element B the
second-highest gear ofthe High driving range, i.e. the seventh
forward gear, is preselected.

To carry out the traction downshift, first of all and with the
help of the second powershift clutch K2 aload reduction takes
place, during which the gear ratio of the supporting gear is
effective. The powershift clutch K1 and the first partial trans-
mission 6 are free from load. The powershift clutch K2 is
operated with slip and, during all the following phases of the
powershift until time t6 in FIG. 7, it is transmitting a torque.

Next, in the first partial transmission 6 between times t2
and 13 in FIG. 7 the highest gear of the Low driving range, i.e.
the fifth gear, is preselected. Then, between times t3 and t4 in
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FIG. 7 the shifting element H is unloaded. For that, the trans-
mission capacity of the powershift clutch K1 is increased,
preferably along a ramp or linearly, with the result that part of
the torque M4 delivered by the drive aggregate and applied to
the drive input shaft 4 is transmitted to the sun gear 11 by way
of the slipping powershift clutch K1 and via the first partial
transmission 6.

The interlocking shifting element H is free from load when
the torque on the ring gear 13 of the planetary gearset 3
corresponds to 10 times the torque on the sun gear 11, where
10 is again the value of the fixed gear ratio of the downstream
transmission 3 in the form of a planetary gearset.

The sum of the torques MK1 and MK2 transmitted by the
two powershift clutches K1 and K2 corresponds to the torque
M4 at the drive input shaft 4, delivered by the drive aggregate.

At time t4 in FIG. 7, the shifting element H is disengaged
while free from load.

Thereafter, between times t4 and t5 in FIG. 7 the shifting
element [ is synchronized, in particular by changing the
transmission capacity of the powershift clutch K1 and/or by
changing the transmission capacity of the powershift clutch
K2 and/or by changing the torque M4 on the drive input shaft
4. This reduces the rotational speed n13 of the ring gear 13
down to zero. At the same time the rotational speed n11 of the
sun gear and the rotational speed n8 of the first main trans-
mission input shaft 8 increase. To be able to transmit a posi-
tive torque by means of the powershift clutch K1, the rota-
tional speed n4 of the drive aggregate or drive input shaft 4
must always be higher than the rotational speed n8 of the first
main transmission input shaft 8. Thus, the rotational speed n4
is increased at the same time. However, the increase of the
rotational speed n4 does not have to begin exactly at time t4 as
shown in the diagram, but rather this too can take place with
some delay.

At the end of the rotational speed adaptation or synchroni-
zation at time t5 in FIG. 7, the powershift clutch K1 can be
brought to its gripping point, namely when the rotational
speed n4 has been brought to the target rotational speed.
When the powershift clutch K1 is gripping, its transmission
capacity can be increased to the maximum transmission
capacity. At time t5, the shifting element L is engaged while
free from load, and this takes place at or near its synchronous
point. At time t5 the Low driving range is engaged in the
downstream transmission 3.

Thereafter, between times t5 and t6 in FIG. 7 the load on the
shifting element L is increased, in particular by reducing the
transmission capacity of the powershift clutch K2, whereby
the force flow of the fifth gear passes via the sun gear 11 and
the shifting element L. The powershift clutch K2 is fully
opened and the traction downshift in accordance with FI1G. 7
has then been completed.

INDEXES

1 Powershift transmission

2 Main transmission

3 Downstream transmission

4 Drive input shaft

5 Drive output shaft/Output shaft of the downstream trans-
mission

6 First partial transmission

7 Second partial transmission

8 First main transmission input shaft

9 Second main transmission input shaft

10 Main transmission output shaft

11 First planetary gearset element

12 Second planetary gearset element
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13 Third planetary gearset element

14 Housing

15 Input shaft of the downstream transmission
K1 First frictional powershift clutch
K2 Second frictional powershift clutch
A Second shifting element

B Second shifting element

C First shifting element

D First shifting element

E First shifting element

F Third shifting element

G Sixth shifting element

H Fitth shifting element

L Fourth shifting element

R Seventh shifting element

The invention claimed is:

1. A powershift transmission (1) for a motor vehicle, the
powershift transmission comprising:

a main transmission (2), in a form of a dual-clutch trans-

mission, and a downstream transmission (3), in a form of
a planetary gearset, connected downstream from the
main transmission (2);

the main transmission (2) comprising first and second par-
tial transmissions (6, 7) and at least one main transmis-
sion output shaft (10) which is common to both of the
first and the second partial transmissions,

the first partial transmission having a first main transmis-
sion input shaft (8), at least one first, interlocking shift-
ing element, and a first frictional powershift clutch (K1),
and

the second partial transmission having a second main
transmission input shaft (9), at least one second, inter-
locking shifting element, and a second frictional power-
shift clutch (K2);

the downstream transmission (3) having a downstream
transmission input shaft (15) which is connectable, via a
third, interlocking shifting element (F), to the at least
one main transmission output shaft (10), and the down-
stream transmission input shaft (15) is fixed to a first
planetary gearset element (11) of the downstream trans-
mission (3),

the downstream transmission (3) having a downstream
transmission output shaft (5) which is fixed to a second
planetary gearset element (12) of the downstream trans-
mission (3),

a third planetary gearset element (13), of the downstream
transmission (3), being connectable to either a transmis-
sion housing (14) by a fourth, interlocking shifting ele-
ment (L) to obtain a low driving range of the downstream
transmission (3), or to one of the first and the second
planetary gearset elements (11, 12) by a fifth, interlock-
ing shifting element (H) to obtain a high driving range of
the downstream transmission (3); and

the at least one main transmission output shaft (10), com-
mon to both of the first and the second partial transmis-
sions (6, 7) of the main transmission (2), is connectable,
via a sixth, interlocking shifting element (G), to the third
planetary gearset element (13) of the downstream trans-
mission (3), which is connectable, via the fourth, inter-
locking shifting element (L), to the transmission hous-
ing (14).

2. The powershift transmission according to claim 1,
wherein the first planetary gearset element (11) is a sun gear,
the second planetary gearset element (12) is a carrier and the
third planetary gearset element (13) is a ring gear.

3. A method of operating a powershift transmission (1) of
a motor vehicle which comprises a main transmission (2), in
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a form of'a dual-clutch transmission, and a downstream trans-
mission (3), in a form of a planetary gearset, connected down-
stream from the main transmission (2); the main transmission
(2) comprises first and second partial transmissions (6, 7) and
at least one main transmission output shaft (10), common to
both of the first and the second partial transmissions, the first
partial transmission has a first main transmission input shaft
(8), at least one first, interlocking shifting element, and a first
frictional powershift clutch (K1), and the second partial trans-
mission has a second main transmission input shaft (9), at
least one second, interlocking shifting element, and a second
frictional powershift clutch (K2); the downstream transmis-
sion (3) has a downstream transmission input shaft (15) which
is connectable, via a third, interlocking shifting element (F),
to the at least one main transmission output shaft (10), and the
downstream transmission input shaft (15) is fixed to a first
planetary gearset element (11) of the downstream transmis-
sion (3), the downstream transmission (3) has a downstream
transmission output shaft (5) which is, fixed to a second
planetary gearset element (12) of the downstream transmis-
sion (3); a third planetary gearset element (13) of the down-
stream transmission (3) is connectable to either a transmis-
sion housing (14) by a fourth, interlocking shifting element
(L) to obtain a low driving range of the downstream transmis-
sion (3), or to one of the first and the second planetary gearset
elements (11, 12) by a fifth, interlocking shifting element (H)
to obtain a high driving range of the downstream transmission
(3); and the at least one main transmission output shaft (10),
common to both of the first and the second partial transmis-
sions (6, 7) of the main transmission (2), is connectable, via a
sixth, interlocking shifting element (G), to the third planetary
gearset element (13) of'the downstream transmission (3), and
the third planetary gearset element (13) is connectable, via the
fourth, interlocking shifting element (L), to the transmission
housing (14), the method comprising the steps of:

carrying out a shift between the high and the low driving

ranges, in the downstream transmission (3), by adapting
a torque distribution at the first and the second power-
shift clutches (K1, K2) to a fixed gear ratio of the down-
stream transmission (3) such that the fourth, interlock-
ing shifting element (L) and the fifth, interlocking
shifting element (H) engage and disengage while free
from load.

4. The method according to claim 3, further comprising the
steps of carrying out the shift by, either coupling or maintain-
ing coupling of one of the first and the second partial trans-
missions (6, 7) of the main transmission (2) to the input shaft
(15) of the downstream transmission, and either coupling or
maintaining coupling of the other one of the first and the
second partial transmissions (7, 6) of the main transmission
(2) to the third planetary gearset element (13) of the down-
stream transmission (3), which in the low driving range of the
downstream transmission (3) is coupled to the transmission
housing (14).

5. The method according to claim 3, further comprising the
steps of, if a highest gear of the low driving range of the
downstream transmission (3) and a lowest gear of the high
driving range of the downstream transmission (3) belong to
different ones of the first and the second partial transmissions
(6,7) of the main transmission (2), then carrying out a traction
upshift from the highest gear of the low driving range to the
lowest gear of the high driving range by initially relieving
load of the fourth, interlocking shifting element (L), then
disengaging the fourth, interlocking shifting element (L)
while free from load, then synchronizing the fifth, interlock-
ing shifting element (H), and then engaging the fifth, inter-
locking shifting element (H) while free from load.
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6. The method according to claim 5, further comprising the
step of synchronizing the fifth, interlocking shifting element
(H) by adapting at least one of a transmission capacity of the
first powershift clutch (K1), a transmission capacity of the
second powershift clutch (K2), and torque at a drive input
shaft (4) of the powershift transmission.

7. The method according to claim 3, further comprising the
steps of, if a highest gear of the low driving range of the
downstream transmission (3) and a lowest gear of the high
driving range of the downstream transmission (3) belong to
different ones of the first and the second partial transmissions
(6, 7) of the main transmission (2), then carrying out a traction
downshift from the lowest gear of the high driving range to
the highest gear of the low driving range by initially relieving
the load from the fifth, interlocking shifting element (H), then
disengaging the fifth, interlocking shifting element (H) while
free from load, then synchronizing the fourth, interlocking
shifting element (L), and then engaging the fourth, interlock-
ing shifting element () while free from load.

8. The method according to claim 7, further comprising the
step of synchronizing the fourth, interlocking shifting ele-
ment (L) by adapting at least one of a transmission capacity of
the first powershift clutch (K1), a transmission capacity of the
second powershift clutch (K2), and torque at a drive input
shaft (4) of the powershift transmission.

9. The method according to claim 3, further comprising the
steps of, if a highest gear of the low driving range of the
downstream transmission (3) and a lowest gear of the high
driving range of the downstream transmission (3) belong to
different ones of the first and the second partial transmissions
(6, 7) of the main transmission (2), then carrying out at least
one of an overdrive upshift from the highest gear of the low
driving range to the lowest gear of the high driving range, and
an overdrive downshift from the lowest gear of the high
driving range to the highest gear of the low driving range, to
synchronize the particular one of the fourth or the fitth shift-
ing elements (L, H) that has to be engaged, and locking a drive
input shaft (4) of the powershift transmission with a drive
aggregate of the motor vehicle disconnected.

10. The method according to claim 3, further comprising
the steps of, if a highest gear of the low driving range of the
downstream transmission (3) and a lowest gear of the high
driving range of the downstream transmission (3) belong to a
same one of the first and the second partial transmissions (6)
of'the main transmission (2), then coupling the third planetary
gearset element (13) of the downstream transmission (3) to
the other of the first and the second partial transmissions (7)
by way of a second-lowest gear of the high driving range, and
operating the powershift clutch (K2) associated with the other
of the first and the second partial transmissions (7) with slip
throughout an entirety of the powershift.
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11. The method according to claim 10, further comprising
the steps of carrying out a traction upshift from the highest
gear of the low driving range to the lowest gear of the high
driving range, by initially relieving the fourth, interlocking
shifting element (L) of load, then disengaging the fourth,
interlocking shifting element (L) while free from load, then
synchronizing the fifth, interlocking shifting element (H),
then engaging the fifth interlocking shifting element (H)
while free from load, then building up load at the fifth, inter-
locking shifting element (H), then, carrying out, in whichever
one of the first and the second partial transmissions contains
the highest gear of the low driving range and the lowest gear
of the high driving range, a load-free shift, and during the
load-free shift, supporting traction force at the downstream
transmission output shaft (5) with the other one of the first and
the second partial transmissions and operating the powershift
clutch (K2) of the other one of the first and the second partial
transmissions operating with slip, and thereafter shifting the
load between the first and the second powershift clutches (K1,
K2) of the first and the second partial transmissions.

12. The method according to claim 11, further comprising
the step of synchronizing the fifth, interlocking shifting ele-
ment (H) by adapting at least one of a transmission capacity of
the first powershift clutch (K1), a transmission capacity of the
second powershift clutch (K2) and the torque at the drive
input shaft (4) of the powershift transmission.

13. The method according to claim 10, further comprising
the steps of carrying out a traction downshift from the lowest
gear of the high driving range to the highest gear of the low
driving range, by initially carrying out a load shift from the
powershift clutch (K1) of the partial transmission (6) which
contains the lowest gear of the high driving range and the
highest gear of the low driving range, to the powershitt clutch
(K2) of the other partial transmission (7), then preselecting
the highest gear of the low driving range in the load-free
partial transmission (6), then unloading the fifth, interlocking
shifting element (H), then disengaging the fifth, interlocking
shifting element (H) while free from load, then synchronizing
the fourth, interlocking shifting element (L), then engaging
the fourth, interlocking shifting element (L) while free from
load, and then building up load at the fourth, interlocking
shifting element (L).

14. The method according to claim 13, further comprising
the step of synchronizing the fourth, interlocking shifting
element (L) by adapting at least one of a transmission capac-
ity of the first powershift clutch (K1), a transmission capacity
of'the second powershift clutch (K2), and torque at the drive
input shaft (4).



